A primate model is described which allows quantitative prediction of myocardial necrosis (measured histologically at 1 week) from the area of ST segment elevation (STf) recorded by a high resolution matrix of fixed epicardial electrodes. The predictive validity of the model is based on the production of infarcts which are transmural, limited to the left ventricular free wall, and in which the infarct volume bears a relatively uniform relationship to its epicardial surface. The electrode grid circumscribes the area of necrosis in the anterior free wall of the left ventricle (LV) produced by occlusion of a diagonal branch of the left anterior descending coronary artery (LAD). The pattern of changes in STf was examined throughout its evolution, and changes in the distribution of STf were documented. Central points within the area of STf consistently showed greater absolute values of STf, and ST segments remained elevated longer than those recorded through more peripheral electrodes. Electrodes at the base demonstrated a greater magnitude of STf than electrodes near the apex. The number of electrodes (NST), i.e., the area of electrode matrix corresponding to those electrode points with significant STf (area of STf) at each recording interval through 8 hours, was fit to the area of necrosis underlying the grid. Maximum area of STf (maxAST) uniformly overestimated the infarct size between animals by about 25%; however, regression analysis allowed prediction of the extent of infarction from maxAST with an error of only 5%. Correlation of maxAST with epicardial extent of infarction and total weight and volume of infarction yielded coefficients of 0.95, 0.83, and 0.91, respectively. Maximum mean STf (STf) showed a poorer correlation with the epicardial extent, weight, and volume: coefficients were 0.49, 0.55, a n j 0.39, respectively. Thus, maxAST correlated closely with extent of necrosis and proved an accurate predictor of infarct size.
RECENT attempts to develop therapeutic interventions to modify the amount of muscle lost during acute myocardial infarction have been dependent on a reliable method of estimating infarct size. The method most frequently applied in animals and more recently in studies on humans involves evaluation of infarct size from ST segment data obtained from multiple epicardial electrodes (experimental) or precordial electrodes (clinical). 1 Numer-ous objections have been raised, both theoretical and practical, to the use of ST segment data to predict infarct size.
From an experimental standpoint, these objections center around the interpretive value of ST segment changes. Experimental studies correlating ST segment changes with the magnitude and regional coincidence of other physiological, histological, and biochemical alterations have yielded contradictory results. Although a number of studies have shown a good correlation between the amplitude and area of ST segment elevation and regional intramyocardial changes, 2 " 8 others have indicated a less favorable relationship 9 " 15 which is notable particularly in the margin of the ischemic area. These studies demonstrate that, whereas the presence of ST elevation is highly specific for some degree of VOL. 43, No. 3, SEPTEMBER 1978 underlying ischemia, it remains an insensitive indicator in peripheral and subendocardial areas in terms of these markers. 16 The inability to correlate the amplitude of ST segment changes with regional intramyocardial changes is interpreted by others 17 " 22 to be a consequence of the dependence of STf on the boundary geometry of the ischemic area. Interpretation of epicardial surface voltage in terms of solid angle theory predicts that changes in the configuration of the ischemic region and the thickness of the involved ventricular wall may alter the absolute magnitude of ST elevation at any given electrode position as well as its magnitude relative to that recorded through neighboring electrodes independently of the severity of underlying ischemia. For this reason the amplitude of ST elevation would not be expected to show a quantitative relationship to the degree of ischemia in subjacent myocardium as assessed by other ischemic markers.
However, solid angle analysis predicts that the area determined by the presence or absence of ST segment elevation carries much more specific information. If the ischemic area is assumed to have a well circumscribed boundary, then ST segment elevation should be recorded at every electrode point within this boundary at the epicardial surface and an isoelectric or depressed ST segment at points outside this boundary. 20 ' 21> 23 The assumption of a narrow boundary is supported by the demonstration of limited functional collaterals in the baboon. 24 The boundary of the area of ST segment elevation thus effectively defines the interface between normal myocardial cells and the ischemic myocardial cells with altered transmembrane potential. 23 ' 25 ' 26 It can be seen, therefore, that the extent to which other ischemic markers correlate with the area of ST segment elevation is determined by their importance in producing changes in cellular transmembrane potential in the ischemic region. It is noted further that subendocardial ischemia is not expected to correlate with ST elevation recorded at the epicardial surface unless the cells at the epicardial surface also lie within the ischemic boundary. A thorough delineation of the ischemic boundary as it variably extends through the ventricular wall could be accomplished only by an array of intramyocardial as well as epicardial electrodes. The polarity of ST changes recorded by these electrodes would be determined by their position within or outside of the ischemic boundary as it passes from epicardium to endocardium.
Since epicardial ST elevation delineates only the area of epicardial surface "breakthrough" of the ischemic region, then the epicardial surface of the ultimate infarct might be expected to demonstrate the best relationship to this area of ST segment elevation. A measure of infarct volume would be expected to correlate with the area of ST segment elevation only insofar as it showed a uniform relationship to the epicardial surface of the infarct.
The present study describes, for the baboon, the time course of ST segment changes with respect to both amplitude and the epicardial surface involved. This is done with particular attention to defining the maximal spread of the area of ST elevation at the epicardial surface. The limitations in characterizing this area are demonstrated by examination of changes in this area over time. The area of ST segment elevation is related to the epicardial surface as well as to the volume of the ultimate infarct. A correlation between the area of ST segment changes and the infarct volume may be expected in the present model by the production of a set of infarcts uniform in configuration, that is, in which the infarct volume bears a relatively constant relationship to the epicardial surface of the infarct. In this regard, it should be noted that the present model is not intended to allow prediction of the extent of necrosis for infarcts differing widely in their size and location. Introduction of these differences may alter the predictive value of the epicardial ST elevation on theoretical grounds. For example, differences in infarct size and location insofar as they involve regions varying significantly in septal involvement and wall thickness certainly may produce infarcts of variable volume associated with the same epicardial extent of ST elevation. It is, therefore, an essential feature of the present experimental design to produce infarcts which are transmural, limited to the anterior left ventricular free wall, and in which the transmural configuration bears a uniform relationship to the epicardial surface of the infarct. Only in this way might an index of the epicardial surface extent of the infarct also correlate with the volume of the infarct. The present model, within the experimental constraints outlined, provides accurate prediction of infarct size determined histologically (at 1 week) from the area of ST segment elevation obtained within 60 minutes after coronary occlusion. This method can be applied to evaluate the effect of therapeutic interventions on ultimate infarct size since it relies on electrocardiogram (ECG) parameters which may be obtained prior to initiating therapy. Comparison of predicted infarct size, determined from STf data, with observed infarct size determined histologically thus provides an accurate method to verify the efficacy of any intervention.
Methods

Surgical Preparation
Six baboons (Papio anubis), 13-16 kg, were sedated with phencyclidine hydrochloride (1 mg/kg, im). Anesthesia was induced and maintained with intravenous injections of sodium thiopental (2 mg/kg). The standard lead II ECG was monitored. The baboons were intubated with a cuffed endotracheal tube and ventilated with a Harvard respirator to maintain normal arterial blood gases. Aortic pressure (AP) was monitored by an 8 French catheter advanced through the femoral artery. A left thoracotomy was performed under sterile conditions and the heart was suspended in a pericardial cradle. An electromagnetic flow probe was placed around the pulmonary artery (PA) to monitor cardiac output (CO) via a Biotronex flowmeter (BL 610). PA pressure recordings were obtained via an 18-gauge cannula secured by a purse-string suture. A 5-0 prolene snare was placed around a diagonal branch of the left anterior descending coronary artery (LAD) which was selected to produce an infarct limited to the anterior free wall of the left ventricle (LV). A grid consisting of 40-60 unipolar epicardial electrodes then was placed on the anterior LV extending from the LAD to the lateral border of the LV and from 1 cm above the ligature to the apex ( Fig.  1) . A fine line of methylene blue was drawn parallel to the minor axis of the LV approximately 1 cm above the ligature. This line served as reference for placement of the initial row of recording electrodes. Subsequent rows of electrodes were sutured parallel to the initial row, resulting in a matrix of epicardial electrodes with row and column separation of approximately 5 mm. Electrode placement was standardized by the use of a movable 5 mm 2 template. The electrodes were constructed from Tefloncoated silver wire (0.005-inch in diameter). Electrodes were sutured to the epicardium with a fine taper-pointed needle (Anchor 1833-4) in such a manner as to minimize injury to the area immediately underlying the electrode. The other end of each recording wire was connected to a recording board allowing rapid recordings of epicardial leads. Unipolar epicardial electrograms were monitored with a Gould, Brush, Mark 260 recorder with ECG coupler (model 11430101, Gould, Inc.) at a paper I 2 3 4 5 6 7
FIGURE 1 Epicardial electrode matrix. Schematic representation of the electrode matrix as it appeared on the anterior surface of the left ventricle (LV). Rows of electrodes were placed parallel to the minor axis of the LV with row and column separation of approximately 5 mm.
A ligature was placed around a diagonal branch of the left anterior descending coronary artery to produce an infarct limited to the LV free wall accessible to electrode placement. speed of 25 mm/sec and a sensitivity of 1 mV/mm. The frequency response of the ECG coupler with preamplifier is linear from 0.14 Hz to 1 kHz, and the frequency response of the recorder is linear from 0.14 to 40 Hz. Pressure lines were connected to Statham P23 transducers and recorded through the same direct writing recorder. The epicardial surface was kept moist with sterile saline-soaked sponges. The thoracic incision was approximated and draped throughout the recording period to minimize exposure to ambient temperature and to maintain a uniform myocardial temperature.
Study Protocol
Control recordings were made for each electrode when STf due to electrode placement returned to <2 mv (nonsignificant level), (60-90 minutes). Control mean AP (MAP) and mean PA pressure (MPAP), CO, and heart rate (HR) also were recorded. In one sham-operated baboon, the snare was not tightened. In all others the selected diagonal branch of the LAD then was ligated. Following occlusion, recordings from the epicardial ECG matrix, as well as MPAP, MAP, CO, and HR, were obtained at intervals of 20, 40, 60, 90, and 120 minutes and then hourly for 8 hours. The shamoperated baboon also was monitored for an 8-hour period. After the recording period, the flow probe and pressure lines were removed, the wire electrodes were cut, leaving knots on the epicardial surface for later identification, and the chest was closed in a standard manner. One week following the study, the baboons were killed by rapid infusion of a saturated solution of KC1 and their hearts were excised. The atria were removed and the coronary arteries and ventricular chambers were flushed with water. After weight and volume displacement had been determined, the hearts were fixed in 10% formalin.
ECG Analysis
At each recording interval after coronary occlusion, the observed STf at individual electrode sites was compared to the control STf measured at the same recording site. Evidence of conduction delay after coronary occlusion was assessed as an increase in QRS duration of greater than 10% above the control recording in any given epicardial lead. Only definite ST elevations (>2 mV above control) were considered significant. STf was measured from the baseline to the J point (the junction between the end of the QRS complex and the beginning of the ST-T complex). With the use of capacitor-coupled amplifiers in the present study, separation of TQ and ST segment deflections was not possible and STf represents the combined deflection of the TQ and ST segments from the isoelectric line.
The matrix of epicardial electrodes circumscribed the area of underlying ischemia in such a way that points demonstrating >2 mV STf from control generally were confined within a perimeter of elec-trodes which demonstrated no significant STf. Therefore, any electrode position could be examined with respect to the change in recorded STf from control, its position within the matrix, its relation to other affected electrodes, and its relation to electrodes with no significant STf.
At each recording interval, the number of electrodes demonstrating >2 mV STf above control (NST) was determined. The maximum number of electrodes with significant STf at any recording interval (maxNST) occurred by 60 minutes in all baboons. The STf's recorded through those electrodes which showed significant STf were summated (2ST) at each recording interval. Mean STf (STf) at each recording period was calculated by dividing 2ST at that time interval by NST. Thus, SST is divided into its two components, the mean amplitude of STf and the number of electrodes affected. Although changes in R and Q waves have been related to myocardial injury, 27 these changes were not observed until several hours after coronary occlusion. Since the purpose of this study was to define an early predictor of histologically assessed necrosis, changes in these ECG parameters are not described.
Histology
After formalin fixation for 1 week, transverse sections of equal thickness (5 mm) were cut parallel to, and including, each row of electrodes from apex to base.
The electrode positions were then marked on each tissue block by an incision 2-3 mm in depth where the remaining electrodes marked each recording site. The incisions were filled with India ink to facilitate later identification of recording points. Microscopic slides were made from sections taken approximately midway through each tissue block. These slides were stained with hematoxylin and eosin and Gomori's trichrome stain. The recording sites were then identified on the slides and labeled with respect to their position in specific rows and columns of the matrix.
The morphological changes associated with ischemic necrosis have been previously described. 28 ' 29 In general, both degenerative and early reparative changes were evident; the necrotic myocardium was characterized by loss of cross-striations, interruption of intercalated discs, karyorrhexis, and karyolysis, as well as the presence of granulation tissue and early fibrotic changes. A representative slide with identified electrode sites and outlined underlying necrosis is shown in Figure 2 . Because the electrode sites and underlying necrosis were easily identified in the same section, the extent of infarction with respect to individual electrodes could be ascertained. No infarct involved the septum. The infarcts were characteristically transmural as viewed on serial sections from each baboon, with the epicardial extent slightly exceeding the endocardial extent. The epicardial extent of necrosis was determined to the nearest one-fourth of the distance between two adjacent electrode sites. The longitudinal extent of necrosis within each transverse tissue section could not be assessed by viewing the single slide representing that section. Therefore, the infarction present on a slide was regarded as longitudinally uniform throughout the tissue section.
The area of necrosis was identified and marked on each slide. An enlarged tracing (at constant magnification) of the combined left and right ventricles and infarct was made from each slide with the aid of a microscopic slide projector. The drawings were then measured with a planimeter. Measured areas were summated over all slides for an individual baboon. The ratio of summated areas of infarction (2Ai) to summated ventricular areas (2Av) estimated the percentage of infarction. Weight and volume of infarction were calculated by multiplying the planimetrically determined percentage of infarction (SAi/2Av) by the previously measured ventricular wet weight and volume
Statistical Analysis
Maximum S T | and maxAST were related to infarct size by correlation and linear regression. All 
Results
Sham Experiment
In the sham-operated baboon, the experimental procedure, including electrode grid placement, was identical to that used for baboons in the study protocol with the exception of coronary artery ligation. After the local electrical injury due to electrode placement had returned to a nonsignificant level, there were no further decreases or increases in ST segment deflections for the duration of the 8hour recording period and no indication of necrosis on histological sections. MAP, MPAP, CO, and HR remained essentially constant within this time.
Progression of STf through 8 Hours
The pattern of changes in STf for each of the five baboons undergoing coronary artery ligation was similar (Fig. 3A) . For the group, the progression of STf after coronary artery occlusion was characterized by a rapid rise through 20 minutes, a brief plateau between 20 and 40 minutes, and a secondary rise to a maximum value at 90 minutes (Fig. 3B ). Following this maximum value, STf decreased gradually to near control level by 8 hours. After peak S T | the rate of decline in STf decreased with increasing duration of occlusion. For this reason, 
Temporal Progression of the Number of Points with >2 mv STf (NST)
The pattern of NST progression with time was uniform among individual baboons. MaxNST occurred at 1 hour in all baboons (Fig. 4A ). The progression of NST (grouped data) is shown in Fig.  4B . A rapid decrease in the number of recording sites with significant STf was observed during the initial 20 minutes and, subsequently, the number of these sites showed a relative plateau through 2 hours. Thereafter, NST decreased exponentially. The correlation coefficient between log NST and time during the period of decline was 0.98.
The series of grids in Figure 5 illustrates ST segment data obtained from a representative baboon at each recording interval. Each block in the matrix represents a 0.25 cm 2 block with a centrally located electrode. The magnitude of control ST is shown within each block of the control matrix. At subsequent times, the observed STf minus the control ST j for that electrode is recorded in the appropriate block. Additionally, those squares which showed >2 mV STf from control are outlined. The electrodes with significant STf were contiguous in all baboons. Those points more centrally located within the area of STf consistently showed greater absolute values of STf and, as illustrated by this baboon, STf remained elevated longer than at more peripheral points. Also, electrodes closer to the base showed greater STf than electrodes at the apex.
Comparison of Electrical and Histological Measurements
Because recording sites were readily identifiable on histological slides, the presence or absence of necrosis directly beneath an electrode site could be determined.
For individual baboons, the myocardium beneath each of the recording sites with >2 mV STf from control was examined to determine whether necrosis was present. The relationship between electrodes with STf when maxNST was recorded, and necrosis present at 1 week then averaged for all baboons.
At the recording intervals demonstrating the greatest number of points with significant STf (maxNST), 80.3 ± 4% of the electrodes with >2mV STf from control overlaid infarct, whereas 19.7 ± 4% of these points failed to correspond to underlying necrosis. Those points with significant STf (>2 mV from control) that did not correspond to underlying VOL. 43, No. 3, SEPTEMBER 1978 Epicardial extent, weight, and volume of infarction measured at 1 week for individual baboons. Also given are predicted values for epicardial extent, weight, and volume of infarct. The maximum NST and maximum area of STf are also given. See text for explanation. necrosis were consistently located at the periphery of the area of STf. Only 5.4 ± 1% of the electrodes overlying infarct failed to show significant STf.
The above comparison (electrode demonstrating significant STf and the presence or absence of underlying infarct) fails to consider the presence of necrosis occurring between two adjacent electrodes. To account for this, the area of infarct measured on the epicardial surface and the area of STf were correlated. Because electrodes were arranged in a square matrix with row and column separation of 5 mm, each electrode could be equally assigned an epicardial area of 0.25 cm 2 . However, this mathematical calculation should not be interpretated to mean that each electrode is influenced only by this 0.25 cm 2 area of tissue. The area of STf at each recording period was compared to the epicardial extent of infarction at 1 week. The maximum area of STf (maxAST) occurring at any recording period for individual baboons correlated with the epicardial extent of necrosis, with a correlation coefficient of 0.95. The regression equation for predicting the epicardial extent of necrosis (An) given maxAST is: An = 0.49 (maxAST) + 1.2; S.E.E. = 0.17; range of maxAST = 3.5 -6.5 (units of cm 2 ). The error of predicting the epicardial extent of necrosis given maxAST is, thus, 5%. However, extrapolation outside of the experimental range of maxAST is unwarranted.
Data for individual baboons are provided in Table 1 . The observed epicardial extent, weight, and volume of infarction, as well as the area of STf, are similar between baboons. Also, the percentage of maxAST demonstrating underlying necrosis was highly consistent between baboons with individual percentages of 65%, 70%, 75%, 79%, and 83%.
The close relationship between maxAST and the area of the epicardial extent of necrosis is shown for a representative baboon in Figure 6 . The percent of maxAST which showed underlying necrosis was averaged for the group of baboons and is shown in Figure 7 . As illustrated, 74.5 ± 3% of the area of maxAST was found to overlie necrosis, whereas 25.5 ± 3% of the area of STf demonstrated no underlying necrosis. Only 1.4 ± 5% of the observed area of necrosis lay outside the area of STf.
Because maxAST was compared geographically only to the epicardial extent of necrosis, the impor- tance of variability in intramural configuration of the infarcts was considered by relating the weight and volume of necrosis to the maximum area of STf. The maximum area of STf was correlated with the weight and volume of the infarct of individual baboons and yielded correlation coefficients of 0.83 and 0.91, respectively. Although maxAST proved to be the best predictor of infarct size, a generally good correlation was also shown between the areas of STf at the 20-, 40-, 60-, and 90-minute recording intervals after coronary artery ligation and the epicardial extent, weight, and volume of necrosis (Fig. 8 ). The poorer correlation at 2 hours between the area of STf and infarct size was due to the fact that the area of STf remained larger in some baboons whereas, in others, this area already had begun the phase of rapid decline. Subsequent times also showed a poorer correlation due to the variability between baboons in the rate of decline of the area of STf. Maximum STf was shown to predict less accurately the extent of infarction. Maximum STf was correlated with the epicardial extent, weight, and volume of infarct with correlation coefficients of 0.49, 0.55 and 0.39, respectively. Hemodynamic measurements prior to and after coronary occlusion remained stable throughout the study period. MAP, MPAP, CO, and HR were averaged over the recording intervals for each baboon following occlusion. The mean and standard error of the mean (SEM) for grouped data then was computed and compared to mean control values. Control MAP averaged 103 ± 3.27 mm Hg prior to ligation and after coronary occlusion, 105 ± 3.66 mm Hg. MPAP averaged 17.8 ± 1.99 mm Hg prior to ligation and 17.0 ± 2.38 mm Hg after occlusion. HR changed from 139 ± 9.62 to 143 ± 9.75 beats/min and CO changed from 978 ± 66 to 960 ± 58 ml/minute. There was no evidence of local SCO 420 480
conduction delay (increase in QRS duration 10% above control in any epicardial lead) after coronary occlusion in any baboon. Neither was there evidence of altered conduction in lead II following coronary occlusion.
Discussion
A number of methods have been used to estimate the extent of myocardial injury after coronary ligation in experimental animals. Most have used change in the magnitude of STf or enzyme estimates to determine the extent of myocardial infarction. Several recent studies have criticized such methods on theoretical grounds 17 " 20 ' 22 and others have presented data demonstrating poor correlation of both methods with histological measurement of infarct size. 9 ' 30 The use of epicardial electrodes to measure current of injury has been extensively investigated by Bayley 21 and Samson and Scher 23 and, more recently, reviewed by Holland and Brooks, 17 ' 2022 Ross, 16 and Fozzard and DasGupta. 18 Other investigators, correlating epicardial ECG changes with biochemical changes, 3 ' 10 regional function, 2 ' 31 regional blood flow, 3 ' n " 13 ' 15 intramyocardial oxygen tension, 14 ' 32 and histological measures of infarct size, 2 ' 4 ' s ' 9 ' 33 " 35 have obtained divergent results. Whereas some studies have provided evidence for a good correlation of ECG changes with other ischemic markers, 2 " 5 ' 30 ' 33 " 3 ' 5 others have indicated a less favorable correlation. 9 " 15 ' 32 Irvin and Cobb 9 recently reported good correlation between regional myocardial blood flow and extent of myocardial infarction while at the same time noting a poor correlation between epicardial ST change and either of the other two parameters. They, as have a number of other investigators, used proximal left anterior descending coronary ligation in the model. We have found that method to be far less satisfactory as a model because of the variable and unpredictable extent of septal infarction which is reflected inconsistently through epicardial leads. Our model produces a small infarct, always transmural, which underlies and is circumscribed by the overlying epicardial electrode grid.
Although amplitude changes as measures of ST elevation have not been recognized as useful predictors of infarct size, more recently, application of solid angle analysis has shown that, if the configuration of the ischemic region remains uniform, then size changes should correlate with measures such as ST or 2ST. 20 Although infarct configuration and wall thickness remained relatively uniform in the present study, ST did not bear a consistent relationship to infarct size. However, by determining the maximal area of STf (>2 mV), an extremely accurate correlation with histologically measured infarct size was found. Although this area is about 25% greater than the measured infarct size at 1 week, that overestimate is consistent and can be corrected for in calculations to predict ultimate infarct size. It eliminates any influence that infarct size itself may have on the magnitude of STf. Furthermore, it does not use ST segment criteria in determining infarct size after a therapeutic intervention is begun. For example, the histologically determined infarct size at 1 week resulting from chronic coronary occlusion can be predicted accurately by the maximal extension of the area of ST segment elevation (maxAST) within 60 minutes following occlusion. If a therapeutic intervention is initiated at 60 minutes or later (i.e., after maxAST is obtained), the difference between histologically determined infarct size (at 1 week) and predicted infarct size (based on maxAST) may be determined. This difference quantitatively reflects the myocardial salvage achieved by that intervention. ADENOSINE recently has been proposed as a metabolic regulator of glomerular filtration rate. Although adenosine vasodilates various organs (brain, heart, muscle) 1 ' 2 and relaxes smooth muscles of the isolated small intestine 3 and renal artery, 4 it vasoconstricts when injected into the renal arteries of dogs 1 ' 2 ' 5 and rats. 6 During continuous infusion of adenosine, renal blood flow (RBF) initially decreases and then returns to preinfusion levels within 1-4 minutes. Glomerular filtration rate (GFR) decreases. 5 ' 6 In the present study we evaluated whether the depressed GFR during continuous in- Received February 13, 1978 ; accepted for publication May 9, 1978. fusion of adenosine is due to a vasoconstrictive component or can be accounted for by dilation of efferent arterioles.
Mechanism of Adenosine-Mediated Decreases in Glomerular Filtration Rate in Dogs
Methods
Experiments were performed in mongrel dogs of either sex, weighing 16-19 kg. They were maintained on standard laboratory chow (Purina) and tap water ad libitum. Food was withheld 16 hours prior to the experiment. Dogs were anesthetized with pentobarbital (30 mg/kg, iv) supplemented with 1% chloralose during the experiment if necessary. Kidneys were exposed retroperitoneally by a flank incision. An infusion was given to establish and maintain an inulin concentration in plasma of 1 mg/ml and a p-aminophippurate (PAH) concentration in plasma of 0.02 mg/ml. The sustaining infusion was given at 1 ml/min in isotonic saline solution. A polyethylene tube (PE 100) was ad-
